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ABSTRACT

Economic dispatch is the process of finding the optimal generation scheduling of a
number of electricity generation facilities to meet the load of the system at lowest
possible cost, subject to transmission and operational constraints of the system. The
main idea of this paper focuses on the application of genetic algorithm in order to
identify the best solution to an economic dispatch problem by using a new approach
depending on B,,, coefficients and arithmetic crossover of the genetic algorithm. In this
study, the proposed method solves the economic dispatch problem of three generator
units whilst taking into consideration the coefficient losses to find the most important
factors in electrical generation, which are output power and total cost. The results of
this study are compared with the classical optimization calculation techniques, and it is
found that the results were almost equal. The MATLAB simulation is run to demonstrate
clearly the effectiveness of the new genetic algorithm approach as a very important
method in the solution of economic dispatch problems.

KEYWORDS: Economic Dispatch (ED); Genetic Algorithm (GA); power transmission
losses; optimization

1.0 INTRODUCTION

Nowadays, one of the important optimization problems in power system management is
the economic dispatch problem. The main purpose of ED is to find the optimum
generation from among the system units. For instance, the total generation cost is
lessened while at the same time satisfying the power balance equations and various
other constraints in the system to gives the customer sufficient and secures electricity.

Several techniques have been introduced to solve the optimization of ED. Meanwhile,
as the complexity of dispatch problems increases, the conventional techniques become
more complicated. The literature on the solution methods for the economic dispatch
problem have been reviewed in Happ (1977) and in Chowdhury & Ramadan (1990);
and Mohammadi-Ivatloo, Moradi, & Rabiee, (2013).

Genetic algorithms were developed by John Holland in the 1960s; they are optimization
algorithms based on the mechanics of natural selection and natural GA (Holland, 2000).
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They are very good tools for solving ED, and another power system optimization is
presented in Walters and Sheble, (1993) which presents an example with three
generation units and uses a simple GA solution for the ED. This method was improved
in Chiang, (2005) for multiple fuels.

Some studies have improved the solution of ED optimization by using a hybrid
technique with GA, as proposed in Kherfane, Younes and Khodja, (2014), which solved
the economic power dispatch problem using a new method combined in two meta-
heuristic methods, the micro-genetic algorithm and the genetic algorithm. In addition,
Song and Chou (1999) have proposed a hybrid genetic algorithm that is a combination
strategy involving local search algorithms and a genetic algorithm. In most of the above
papers, binary representation was utilized in solving the economic dispatch problems.

In this paper, the solution of the economic dispatch problem using a new approach that
depends on By, coefficients by equal incremental cost using a genetic algorithm is
proposed. The proposed approach has been applied to find the optimal dispatch of the
generation and total generating cost of a three-unit system considering system losses.

2.0 THE GENETIC ALGORITHM

A genetic algorithm is defined as a search algorithm or resolution algorithm essentially
based on the mechanics of natural selection and natural genetics, thereby giving a more
realistic simulation of a real power system. The basic theory of this algorithm is very
simple, in which a series of binary strings (chromosomes or genes) is generated in a
random way, while some of these chromosomes or genes are taken to represent
variables. These binary strings are used as parameters in a system (real or simulated)
and the relative success of that system is compared to a desired goal. The above step is
re-iterated using each of the binary chromosomes and is sorted to determine the two best
ones. From this point, an optimization cycle begins. The two most suitable
chromosomes are taken from the previous run and the rest are erased (killed). These two
chromosomes are divided at random points and recombined to create a new generation
of chromosomes. A small percentage of genes are randomized (changed) to ensure that
new solutions can arise. This new generation is then run through the system to evaluate
the suitability of each one (Ouiddir, Rahli & Abdelhakem, 2005; Walters & Sheble,
1993; Yasar & Ozyon, 2012).

Although in most studies binary representation is applied to power optimization
problems, in this study, a real-value representation scheme is used for solving the ED
problem by using crossover GA and taking into account the By, coefficient where the
use of real-value representation in the GA offers a number of benefits in numerical
function optimization over binary encoding. The k-th chromosome Ci, for the real-value
representation can be defined as the following equation:

C. =[P, P,....R, | where k=1,2,......... ,up to population size (1)
Where Py is the generation power of the i-th unit at k-th chromosome. The reproduction

will yield a new offspring from the mating of two selected parents. The operator
responsible for the global search property of the GA is mainly the crossover operator.
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This study used an arithmetic crossover operator that defines a linear combination of
two chromosomes, which takes two individuals and produces two new individuals, as
shown in Figure 1.

Parent X:100 ——» 110

Parent Y:011 ——» 101

v
Child X:100 —( 101

Child Y:100 ——» 110

Figure 1. A diagram of a very simple crossover

The two chromosomes or children, C{" and C{", of the crossover, which was

selected randomly, may produce two offspring, C;"“*'and C;"""*', which are considered
a mix of their parents, as shown in Equations (2) and (3), respectively.

C;hild+l — aC;‘hild +(1_a)C;hild (2)
C;hild+l — (1_a)C;hild +aC;hild (3)

Where (a) is a random number in the range of 0 and 1, whereas child represents the new
generation. For the purpose of injecting new genetic material into the population, the
mutation operator should be utilized, which is applied to each new structure
individually. In the case of the recombining of existing chromosomes or a crossover
search, they do not create any new genetic material in the population. The mutation
operator is capable of solving this shortcoming (Yalcinoz,Altun, & Uzam, 2001). The
fitness function, which is also called an evaluation function, assigns a fitness value to
each individual within the population. This function is also used to measure the quality
and relative fitness of an individual. The fitness function is defined as stated in
Equation (4).

Fir(x) = g(f (x)) )

Where f(x) represents the objective function and g transforms the value of f(x) to a non-
negative number. A typical GA cycle includes four main processes: fitness evolution,
selection, recombination or crossover, and creation of a new population. Figure 2 shows
the simple general flow chart used in this study.

ISSN: 2180-3811 Vol. 7 No. 1 January — June 2016 42



Journal of Engineering and Technology

Initializing

Evaluating

Selection Termination

Recombination

Mutation

Figure 2. The simple general flow chart used in this study

3.0 ECONOMIC DISPATCH PROBLEM

One of the biggest challenges for all power utilities is not only to meet the consumer
demand for power, but also to work at minimal cost. A reliable power system consists
of many generating units, each of which has its own characteristic operating parameters.

The operational cost of these generators is not always proportional with their outputs, so
the challenge for power plants is to try to balance the total load between generators that
are working efficiently as much as possible. Therefore, the objective of ED is to
minimize the overall cost of the power system generation. The ED problem minimizes
the cost rate and at the same time meets the load demand of the power system, which is
comprised of n generating units that are already linked to the system. The load of each
unit is in the range of 3 to 5 minutes (Yalcinoz et al., 2001; Balakrishnan, Kannan,
Arvandian & Subathra 2003). The ED problem can be written in mathematical form
(Saadat, 1999, Wood & Wollenberg, 1984):

ng
Minimize ) C,(P;) (5)
i=1

Subject to the following set of constraints:
e Power balance constraint, which can be expressed as:

ng
ST P,+P,— D> P, =0 (6)
i=1
¢ Inequality constraints of each generating unit’s active power output ranging between
its lower and upper limits to ensure stable operation, as given by:

f)Gni1in < PGi < f)Gnilax (7)
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Where n=Total number of online thermal units in a power system.
Pgi=Power produced (output power) by generator i.
Pp=Total system demand (load).

P;=Total system loss.

PI", P represent the minimum and the maximum limits of generator i,

respectively.
Ci(Pg;) is the operating cost or production cost of generator /; consequently, the
quadratic cost function of unit i can be given by the following equation:

Ci(PGi):%""ﬁiPGi"'%PGzi (8)

where &, 3, 7, are respectively constant, linear and quadratic cost coefficients of unit i.

Using the B-coefficient method, the total system loss is expressed as:
PL = [PGi ]T [B][PGi]+[Bi¢>][PGi]+Boo (9)

The loss formula can be expressed in Kino’s loss formula as the following:

NG NG

NG
D> PuBPy+ B,P,+B,, (10)
i=1

i=1 j=1

where By, Bi,, B,, are the loss coefficient depending on system topology and online
parameters.

4.0 SOLVING THE ECONOMIC DISPATCH (ED) PROBLEM
USING A GENETIC ALGORITHM (GA)

The way to use a genetic algorithm mainly depends on the problem mapping, which
includes the conversion of the problem solution to a chromosome representation and the
design of the fitness function as an estimation of the quality of a solution. Every
chromosome inside the population is considered as a candidate solution. Each single
chromosome should represent a generation scheduling with a view to solving the ED
problem by using a GA process.

The main decision variable in an economic dispatch problem is the output of the power
unit, while the loading range for every single unit is represented by a real number. The
representation takes care of the unit maximum and minimum limits of the load, since
the real representation is made to cover only the values between the limits. The
following three steps describe the GA method used to solve the economic dispatch
problem:

e Step 1: Selecting the reference unit or plant. For better convergence, a reference
plant should be chosen which has maximum range and capacity. In this study, plant
number one was selected as the reference. The reference plant distribution is fixed
by Equations (6) and (10).
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e Step 2: Converting the constrained optimization problem to an unconstrained problem by the penalty
function method, as described in Equation (11).
Minimize:

iC[(PGl.)+103><abs ipci —PD—ii“B,jer} (1)
i=1

i=1 i=l j=1

e Step 3: Programing the code according to the above information; by running the
program the minimum fuel cost and transmission losses can be determined.

5.0 SIMULATION RESULTS AND DISCUSSION

The proposed method has been applied for a system consisting of three generating units
in a power system. The example is taken from Haadi Sadat's book, Power System
Analysis (Saadat, 1999). This approach solves the economic dispatch with By,
coefficients by using the Genetic Algorithm toolbox in MATLAB, as illustrated in
Figure 2. By running the programs, the allocation of minimum fuel cost and
transmission losses has been determined. The system has three units, and details of this
test system are given as follows:

C,(P,)) =200+7.0P, +0.008P; $/h
C,(P,,)=180+6.3P,, +0.009P;, $/h
C,(P,,)=140+6.8P,, +0.007 P, $/h

where Pg;, Pgzand Pgzare in MW. On the other side, the plant output is subject to the
following limits:

10 MW < P, <85 MW
10 MW < P, <80 MW

G2 —

10 MW < P, <70 MW

With regards to the system load, Pp was 150MW, whereas, the estimated loss formula
coefficients are given as in the matrix illustrated below:

0.0218 0.0093 0.0028
B={0.0093 0.0228 0.0017
0.0028 0.0017 0.0179

B, =[0.0003 0.0031 0.0015],B, =0.00030523

Table 1 represents the result for the above example by using a normal solution
(calculations).; in other words, the solution without using a genetic algorithm, according
to (Saadat, 1999).
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Table 1. The result without using a genetic algorithm

Power Output Of The Units Total Cost
Pgi MW) PGz (MW)  Pgz (MW)

1599.98%/h
33.4701 64.0974  55.1011

Table 2 illustrates the result for the same example by using the proposed new genetic
algorithm approach.

Table 2. The result when using a genetic algorithm.

Power Output Of The Units Total Cost

Pgi MW)  Pg; (MW) Pgz (MW)

1600$/h
34.0080  64.0272  54.6342

A comparison between the two tables indicates that the results are very close to each
other. Therefore, the proposed approach is suitable for solving ED using a GA instead

of the long-used traditional method (Mohammadi-Ivatloo et al., 2013; Saadat, 1999).

Figure 3 illustrates the generation way of the chromosomes. The mean fitness shows the
average of fitness values across the entire population. Thus, in each generation, the
population changes and produces average population fitness. the selected best fitness in
this problem is five, so if the best offspring above five will not allow for parents to
survive more than one generation as described in Section 2.0. After the specified
maximum number of generations is reached, the best current individual is selected, as
shown in the second part of Figure 3.

3 ><-1O5

N

Fitness value
[
A )

The best fitness is 8367.66 and the mean is 108686

Best fitness
(a) + Mean fitness

04

20 40 60 80 100 120 140 160 180 200 220

Generation
The best current individual

(0)

Current individual

1 1 1 1 1 I

(a) Best and mean fitness and (b) Best current genes Individual.
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Figure 3. Using the GA approach to solve the ED problem
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6.0 CONCLUSION

The economic dispatch problem is solved by using a new approach utilizing a genetic
algorithm whilst considering system losses. The real-value representation scheme,
arithmetic crossover, mutation and elitism are used in the genetic algorithms to generate
successive sets of possible operating policies, then select the best individual and fitness.
In this paper, the proposed method has been applied to the ED problem with three
generators to find output power and total cost. When the results from the presented
approach were compared with the classical optimization technique and some new
literature methods, it was found that the results were almost equal, and this indicates the
efficiency of this new method. The MATLAB simulation results show clearly the
effectiveness of the proposed approach as a solution to the economic dispatch problem.
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